August 2007

doc.: IEEE 802.22-07/0275r3

IEEE P802.22
Wireless RANs

	Limited ‘Spectrum Management’ functions at the CPE

	Date:  2007-08-20

	Author(s):

	Name
	Company
	Address
	Phone
	email

	Gerald Chouinard
	CRC
	3701 Carling Avenue, Ottawa, Ontario, Canada  K2H 8S2
	1-613-998-2500
	gerald.chouinard@crc.ca 





Limited ‘Spectrum Management’ functions at the CPE

The operation of the CPE should be under the complete control of the Base Station so that the WRAN operation has maximum control of its network operation and its potential impact on the operation of the incumbent services in the band.  However, there will be instances where the CPE will need to control its behavior locally before the base station can take over.  These are:

a) at the initial turn-on of the CPE before the association with the base station is established;

b) when the CPE looses contact with its base station; and

c) during idle time when the base station has not attributed any specific task to the CPE.

These are the only cases where local intelligence related to spectrum sensing akin to a ‘spectrum management’ function at the base station will be required at the CPE.  The CPE local spectrum sensing should be considered more as a set of CPE MAC routines rather than ‘spectrum manager’ functions which should reside at the base station.  The functionality of the CPE local spectrum sensing for these three specific cases is described below. 

1- Initial turn-on

At initial turn-on and self-test, the CPE sweeps all the TV channels that are within its range of operation plus 15 channels below and above this range, or up to the extent of the relevant TV band (low-VHF, high-VHF and UHF) (see section 6.15.2.1).  Normally, the scanning performs a RSSI measurement in each TV channel and a fast identification of the type of signal (in presence of sufficiently high RF signal).  The result of the measurement should be stored locally so that it can later be sent to the base station when association is established and upon request from the BS.

[High power RSSI measurement procedure and signal identification will need to be described somewhere in the standard.  When sufficiently high level signals are present, the RF sensing schemes  normally used in the case of low signal levels may not be needed since RSSI measurements could be done and would generate more useful information which could be used to, among other things, estimate the possible 3rd order intermodulation effects.  The signal identification schemes developed for low signal levels may be replaced by simpler and more effective signal identification schemes.  All this could be a special case of the Spectrum Sensing function and could also involve the WRAN reception chain in the case where the WRAN decoder is used to capture the superframe control header (SCH) of a base station for WRAN signal identification.  In this case, the CPE would need to have the capability of assessing whether the result of the RSSI measurement on a TV channel is above a given threshold and initiate the high level signal identification such as asking the WRAN signal path to try to capture the SCH.  More work is needed here to augment the Spectrum Sensing Function and the CPE local intelligence.]

For those TV channels where the RF energy was found to be insufficient to provide for a reliable RSSI measurement, fine sensing will be applied to determine the presence of broadcast incumbents and their type.  Again, the information on whether there is a broadcast incumbent in a channel or not and its type will be stored locally so that it can later be sent to the base station when association is established and upon request from the BS.

The CPE should then sweep the TV channels where WRAN type emissions with sufficient RF energy was found.  For each of these TV channels, the CPE will try to get information from the local WRAN base station by first capturing the superframe header, the frame headers and any broadcast PDU’s sent by the BS that advertise the WRAN service for CPE initialization.  Hence,depending on the CPE implementation, the information on the local WRAN operation, as determined by the Station Management environment at the base station may be presented to the higher layers and potentially at the local interface of the CPE so that it could ultimately be displayed on the screen of the user terminal to allow for a choice among available local WRAN networks by the potential subscriber (similar to the AP selection in Wi-Fi).  [Note that other local algorithms could be used at the CPE for network selection but the necessary hooks need to be present in the standard (e.g., broadcast packets for WRAN service advertising, low level MAC routines to capture these broadcast PDUs) before association.]

If the CPE is equipped with a satellite-based geolocation receiver, it should acquire its position from this receiver.  Depending on the Station Manager environment, the base station may periodically transmit broadcast packets defining the area within which the base station will allow association.  The CPE may optionally be capable of calculating whether its location is inside or outside this range, and in the latter case, the CPE should not present this WRAN service as an option to the user and not attempt to associate with this base station. Such function, if provided should be part of the CPE automaton.

[A new concept was proposed where the fine sensing during quiet periods on the set of critical channels (e.g., N, N+/1) would take place only when the user has selected the WRAN service (i.e., the WRAN TV channel) that he wants to associate with rather than during the initial sensing of all TV channels in the range of interest.  Doing such sensing during the initial phase would mean synchronization with each WRAN base station and CBP bursts on the sensing channel to acquire the time of the quiet periods.  This would slow down the initial sensing process and, by the time the initial sweep is complete, the information would be out-of-date anyway.  Also the signaling to a WRAN base station that there is local interference would have little value if the user decides not to associate with this base station since the interference may be created by the improper location of this CPE.  Further discussion is needed on this.]

Finally, the CPE may attempt to associate with the WRAN service selected by the user through the initial CDMA ranging burst.  The CPE will need to analyze the downstream channel characteristics, as revealed by the frame preamble and the pilot carriers to allow it to respond to the CDMA ranging invitation when the spectral characteristics of the initial ranging burst is favorable   The detailed association procedure is described in section 6.15.  Upon successful association, the base station may request the CPE to send the results of the initial sensing and, in turn, it will download the list of available channels including the current channel on which the association has taken place and the list of back-up channels available in the area.  The length of this list could be set (beyond a minimum of, say, 3 channels) by the WRAN operator on the basis of the local channel availability and the dynamic nature of the environment.  However, for the purpose of developing an air-interface standard, a maximum number of channels will need to be determined for this list so that the maximum size of the CPE channel registers can be stated in the standard.

[A more complete set of channel lists may need to be downloaded to the CPE as discussed in San Francisco.  This would be especially useful for more tightly controlled local sensing during CPE idle times.  Kyutae Lim and Guangzeen Ko will provide text explaining the need and the use of these different channel lists.]
2- Loss of contact with the base station

If the CPE looses contact with its base station, local intelligence should make sure that a reasonable number of attempts are made to re-connect with the base station, while avoiding any potential interference to licensed incumbents.

An initial sensing of the channel should take place to identify whether or not a WRAN RF signal is still present.  If this is the case, attempts to re-associate should be made through the BW Request opportunistic burst or upon CPE specific invitation by the BS.  If this does not work, the re-association should start from an earlier stage with the CDMA ranging burst.
.  If the sensing results in the presence of a broadcast incumbent
 or an absence of RF signal, then the CPE will, within TBD seconds, cyclically select the next TV channel on its back-up list and try to capture the superframe header to lock to the base station on this new channel.

If the superframe capture is not successful, then, the same process described in the previous section for the re-association on the main channel will take place.  If the superframe capture is again unsuccessful, then the CPE will, within TBD seconds, cyclically select the next TV channel on its backup list and repeat the process until a successful superframe capture.

Upon capture of the superframe, the CPE will synchronize with the BS and acquire the frame header.  The CPE will then analyze the downstream channel characteristics, as revealed by the frame preamble and the pilot carriers to allow it to respond to the CDMA ranging invitation when the spectral characteristics of the initial ranging burst is favorable   The CPE will then attempt association by sending a CDMA ranging burst at the appropriate time.  Upon successful association, the base station will send the updated list of available channels.

3- CPE idle time

If a CPE is not allocated any time to transmit during the upcoming sub-frame from the US-MAP and has not been asked to do specific in-band or out-of-band sensing, the CPE should have the necessary routines to automatically sense, in turn, the TV out-of-band channels in its ‘list of available channels’ and report to the base station any presence of incumbents in these channels using the UCS opportunistic window in the following frame.
  If a WRAN service is found on the channel that it tries to sense, the CPE should be able to capture the CBP burst on this channel to identify the quiet periods and sense the presence of incumbents in the background from where it is located.

The sensing scheme that will be used may need to meet the intra-frame sensing constraint to avoid the sensing to continue into a subsequent frame where the CPE may be asked to transmit.  Inter-frame sensing could also be used but at the risk of an invalid result if the CPE is requested to transmit during the multi-frame period.  Note that the sensing of the operating channel needs to be managed by the base station since appropriate quiet periods will need to be scheduled to empty the channel from any WRAN operation.
If a coexistence window at the end of the frame is signaled by the base station in the US-MAP, the CPE will automatically shorten its sensing window and its WRAN receiving path will be enabled during that period to acquire an asynchronous CBP burst.  Upon successful acquisition of a CBP burst, the CPE will send a bandwidth request using the BW-Request opportunistic window and, when scheduled by the BS, send the information extracted from the CBP burst (i.e., the SCH and CBP payload, and the information needed for the geolocation (i.e., phase of the key carriers and the time difference between receive and transmit).

Extension to the adjacent channels

Since the sensing on the adjacent channels (N+/-1) will also be needed, the CPE should have the capability of re-tuning its sensing RF path to the channels adjacent to those contained in its ‘list of available channels’ during the idle sub-frame periods and repeat the sensing process described above for the sensing of the channels in the ‘list of available channels’.  As explained above, a RSSI measurement should first take place with a fast RF signal type identification.  If insufficient RF signal is found, then an intra-frame sensing scheme should take place to identify possible broadcast incumbents. Inter-frame sensing can be used as long as the CPE is not being asked to transmit during the sensing interval.  
The advantage here is that if successful sensing can be done by CPEs during their idles periods, the need for more formal sensing with the scheduled quiet periods is reduced.  Note that such formal channel sensing is needed in the case of the channels adjacent to the operating channels since since appropriate quiet periods will need to be scheduled by the base station to sense these adjacent channels
Similarly, the CPE could tune its WRAN RF path to an adjacent channel during its idle period to try to capture a CBP burst coming from an adjacent channel.  If successful, the CPE, once reverted to its normal operating TV channel would request an upstream time slot to relay the CPB information to its base station so that synchronization of quiet periods among adjacent channels can take place for proper sensing.  It would be desirable that the coexistence windows be scheduled at the same time among the base stations operating on adjacent channels in the same area.  This way, the CPE would decide to re-tune its WRAN RF path and open its circuits for the asynchronous capture of the CBP burst only when the coexistence window is scheduled for its own channel operation.

_______________________________________

Abstract


This contribution is an attempt at listing the automated functions that would exist at the CPEs which are related to the ‘Spectrum Management’ functions residing at the Base Station.
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�  A mechanism has to be provided to prevent a CPE from trying to re-associate continuously if the BS refuses to re-associate with it.


�  There is still a concern as to how the CPE will know when a signal was emitted by an incumbent versus by a HDTV baby monitor or some similar unlicensed devices if they are allowed in the TV bands, and how this will not be made to turn into a big gaping hole to allow denial of service attacks.


� Is the UCS notification window only for alerting the BS that an incumbent is found on the operating channel or it can be used to signal incumbents on other channels in the ‘list of available channels’?
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